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1. Introduction 
Calmodulin is involved in regulating a variety of 
cellular enzyme systems as an important mediator of 
Ca’+ functions in eukaryotes [ 1,2]. The functioning 
of the nervous system is closely related to the metab- 
olism of Ca2+ . In [3], 3 distinct calmodulin-depen- 
dent protein kinases were demonstrated in rat brain 
cytosol. Two of them appeared to be similar to phos- 
phorylase kinase and myosin light chain kinase from 
various tissues, respectively, but the other, kinase II, 
which was involved in the activation of tryptophan 
S-monooxygenase, was a new calmodulin-dependent 
protein kinase. Here, kinase II is demonstrated to be 
specifically distributed in brain tissues. 
2. Materials and methods 
[Y-~“P] ATP (2000 Ci/mmol) was purchased from 
Radiochemical Centre, Amersham. Calmodulin- 
dependent protein kinase (kinase II) was prepared 
from rat cerebral cortex extracts as in [3]. Trypto- 
phan 5monooxygenase was prepared from rat brain- 
stem extracts as in [3 1. The light chain from chicken 
gizzard myosin was prepared essentially as in [4]. Rat 
brain calmodulin was prepared as in [S]. 
Tissues from adult male Wistar rats were homoge- 
nized in 4 vol. 0.32 M sucrose containing 10 mM 
Tris-HCl (pH 7.6) 0.01 mM EDTA, 1 mM DTT, and 
Abbrevtitions: DTT, dithiothreitol; 6-MPH,, 2-amine-4- 
hydroxyd-methyl-5,6,7,8-tetrahydropteridine; EGTA, ethyl- 
ene glycol his@-aminoethyl ether)-N,N,N’,N’-tetraacetic acid; 
Hepes, 4-(2-hydroxyethyl)-l-piperazineethanesulfonic acid 
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1 mM phenylmethylsulfonyl fluoride with a Potter- 
Elvehjem homogenizer. The supernatant fluids which 
were obtained from the homogenates by centrifuga- 
tion at 105 000 X g for 1 h were passed through a 
Bio-Gel P-10 column in order to remove low Mr sub- 
stances and were used as the source of the soluble 
enzymes. 
Subcellular fractionation of rat cerebral cortex 
were done as in [6]. Freshly dissected cerebral cortex 
from rat brain (~2 g) was homogenized in 18 ml of 
0.32 M sucrose and the homogenate was subjected to 
subcellular fractionation. 
Kinase II was assayed on the basis of its ability to 
activate tryptophan 5monooxygenase [7]. The stan- 
dard incubation mixture contained 50 mM Hepes 
buffer (pH 7.0), 1 mM ATP, 5 mM Mg(CH3C00)2, 
0.12 mM CaC!l*, 0.1 mM EGTA, 40 mM NaF, 5 E.cg 
calmodulin, 0.4 mM tryptophan, 0.3 mM 6-MPH4, 
0.05 mM Fe(NH4)2(S04)2, 2 mM DTT, 50 pg cata- 
lase, -0.05 unit tryptophan 5-monooxygenase, and a 
suitable amount of the protein kinase in 0.4 ml final 
vol. After incubation at 30°C for 20 min with shak- 
ing, 5-hydroxytryptophan was determined fluoromet- 
rically. The activation of tryptophan 5-monooxygen- 
ase showed a linear dependence on added kinase II up 
to 1.8-fold activation (fig.1). Therefore, kinase II was 
assayed under these conditions. One unit of activity 
is defined as 1 incremental nmol 5-hydroxytrypto- 
phan produced under standard conditions over con- 
trols without ATP. 
Myosin light chain kinase was assayed essentially 
as in [8] using light chain from chicken gizzard myo- 
sin as a substrate. Tryptophan 5-monooxygenase was 
assayed essentially as in [9]. Tyrosine 3-monooxy- 
genase was assayed fluorometrically [lo]. Monoamine 
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Fig.1. Effect of varying the concentration of kinase II on the 
activation of tryptophan 5-monooxygenase. Tryptophan 
5-monooxygenase (227 c(g protein) was incubated with dif- 
ferent amounts of kinase II under the standard assay condi- 
tion (o), or in the absence of calmodulin (0) or ATP (X). 
After incubation for 20 min, 5-hydroxytryptophan was 
determined as in section 2. 
oxidase activity was measured using benzylamine as a 
substrate [ 111. Acetylcholine esterase was assayed as 
in [ 12].2’,3’-Cyclic nucleotide phosphohydrolase, a 
marker enzyme of myelin fraction, was assayed spec- 
trophotometrically as in [ 131. Lactate dehydrogenase 
was assayed as in [ 141. DNA was determined as in 
[ 151. Protein was determined as in [ 161 with bovine 
serum albumin as a standard. 
3. Results and discussion 
Table 1 shows the distribution of kinase II, com- 
pared with’ those of myosin light chain kinase, tryp- 
tophan 5monooxygenase, and tyrosine 3-monooxy- 
genase, in cytosol fractions of a number of rat tissues. 
In contrast to widespread occurrence of myosin light 
chain kinase in various tissues, kinase II appeared to 
be almost specifically distributed in brain tissues. 
Kinase II was demonstrated to be involved in the 
activation of tryptophan Smonooxygenase [3,7] and 
tyrosine 3-monooxygenase [ 17,181. While only brain- 
stem in nervous system showed the high activities of 
both monooxygenases, the other parts of brain 
including cerebral cortex and cerebellum also showed 
the high level of kinase II, indicating that kinase II 
may play roles not only in the regulation of serotonin 
or catecholamine biosynthesis but also in other func- 
tions in nervous system, in accord with the observa- 
tion [3] that kinase II showed a broad substrate spec- 
ificity with respect to endogenous protein substrates 
in brain cytosol. 
Table 2 shows the subcellular distribution of 
kinase II in rat cerebral cortex. The soluble fraction 
showed the highest relative specific activity of kinase II 
and contained -43% of the total activity. On the 
other hand, the microsomal fraction also showed a 
relatively high specific activity and the crude mito- 
chondrial fraction contained almost 30% of the total 
activity. Osmotic shock treatment of both crude 
mitochondrial and microsomal fractions did not 
release significant kinase II activity, indicating that 
Table 1 
Activities of kinase II, myosin light chain kinase, tryptophan 5-monooxygenase and tyrosine 
3-monooxygenase in various tissues of rat 
Tissues Kinase II 
(units/mg protein) 
Myosin light Tryptophan Tyrosine 
chain kinase 5-monooxygenase 3-monooxygenase 
(rim01 . mg protein-‘. min-‘) 
Cerebral cortex 10.8 0.59 0.008 0.014 
Brain-stem 9.8 0.49 0.077 0.050 
Cerebellum 7.4 1.13 0 0.002 
Adrenal gland 0.4 f 0.4 0.34 0.011 1.57 
Lung 0.4 + 0.3 0.38 0 0.001 
Kidney 0.3 i 0.2 0.03 0.011 0.001 
Testis 0.3 zt 0.3 0.09 0 0 
Spleen 0 1.35 0 0.008 
Skeletal muscle 0 0.66 0 0 
Liver 0 0.10 0.015 0.001 
Heart 0 0.01 0 0.002 
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Table 2 
Distribution of kinase II in subcellular fractions of rat cerebral cortex 
Fraction Protein 
(mid 
Kinase II DNA Monoamine Acetyl- 2’,3’cycIic Lactate 
oxidase choline nucleotide dehydro- 
esterase phospho- genase 
hydrolase 
(Relative specific activity) 
Nuclei 28 0.60 3.68 1.57 1.00 1.04 0.29 
Crude mitochondrial 103 0.56 0.79 1.35 1.23 1.16 0.33 
Microsomal 24 1.37 0.67 0.83 1.66 1.45 0.25 
Soluble 46 1.89 0 0 0.26 0.38 3.30 
Kinase II was assayed under the standard conditions in the presence of tryptophan 5-monooxygenase (327 pg protein), except 
that 0.2 mM ouabain was added to the mixture. Markers of subcellular fractions were determined as in section 2 
kinase II of both fractions might be associated with 
the membrane fraction. Thus, kinase II appeared to 
be present in both cytosol and membrane fractions in 
brain tissues. When further subfractionation of crude 
mitochondrial fraction was done as in [6], 13% of the 
activity of kinase II was observed in myelin fraction, 
14% in synaptosomal fraction, and 3% in mitochon- 
drial fraction. 
A phospholipid-sensitive Ca2+-dependent protein 
kinase was reported in [ 191 and the phosphorylation 
of cytosol proteins in brain tissues through the action 
of the kinase in [20]. Kinase II absolutely required 
calmodulin for the activation of tryptophan 5-mono- 
oxygenase and calmodulin could not be replaced by 
phosphatidylserine, indicating that both kinases 
should be distinguished. 
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